Background: In some upper eyelid blepharoplasties, maximal skin removal may not result in desired outcomes; raising crease height can therefore be considered. Currently, there is no method to determine the amount of skin to be excised and/or crease elevation required to achieve a specific outcome. Objectives: This study extrapolated an equation to determine amount of skin excision and/or lid crease elevation needed to achieve a specific eyelid margin to fold distance (MFD). Methods: This institutional review board-approved, HIPAA-compliant study was a prospective, nonrandomized clinical trial. Patients were included if aged 30 to 100 years old and underwent upper eyelid blepharoplasty with one surgeon between 2012 and 2014. Exclusion criteria were thyroid eye disease, myasthenia gravis, myotonic dystrophy, pregnancy, blepharoptosis, prior eyelid surgery or trauma, concurrent brow surgery, and topical alpha-agonists. The following data were collected preoperatively and at postoperative months 1 and 6: age, gender, BMI, brow position, MFD, margin to crease distance (distance between eyelid margin and crease, MCD), and vertical skin distance (distance between eyelid margin and brow, VSD). Results: A total 322 eyelids of 164 patients underwent 208 skin excisions, 26 crease elevations, and 88 combined skin excision and crease elevation. Age, gender, and BMI category were all nonsignificant and excluded from the final model. This equation was extrapolated with regression analysis: Change in MFD = −0.40 + (−0.28 × Change VSD) + (0.53 × Change MCD) with |R| = 0.28. Conclusion: To better predict and obtain desired upper eyelid blepharoplasty outcomes, the authors created an equation.
and Reconstructive Surgery members revealed that 70% of these cases were functional and 30% purely aesthetic. 2 However, regardless of the reason for a blepharoplasty, the majority of patients expect the optimal cosmetic result. To consistently obtain excellent surgical outcomes and happy patients, proper examination, discussions on patient expectations, and surgical counseling and planning are required.
Skin resection alone may yield suboptimal upper eyelid blepharoplasty results. Once brow ptosis has been ruled out as the cause, this suboptimal result is usually due to a low eyelid crease, quantified by eyelid margin to crease distance (MCD; Figure 1A ). As previously described, MCD is measured in millimeters from the eyelid margin to the first crease in the eyelid skin from which the skin hangs while the patient looks downward at an approximately 45-degree angle. 3 Upper eyelid droopiness can be due to a number of reasons, including blepharoptosis, brow ptosis, dermatochalasis, and/or low eyelid crease. Blepharoplasty will not address brow ptosis, and aggressive blepharoplasty can worsen brow ptosis. Once blepharoptosis and brow ptosis have been ruled out as main contributors, attention can be turned to performing the type of upper eyelid blepharoplasty that best suits the patient. 4, 5 Hereafter, blepharoplasty is described assuming that both blepharoptosis and brow ptosis have been ruled out or are being addressed separately.
In blepharoplasties, if maximal skin excision results in suboptimal results, a low eyelid crease or MCD is likely the cause. A typical MCD is approximately 8 to 11 mm in Caucasians, generally higher in women than in men. 6 In practice, it is not unusual for MCD to be lower than described. This is due to the variety of ethnic origins besides Caucasian, as well as aging changes. 7 The effect of a lower MCD is that eyelid skin hangs down farther and covers the eyelid platform more. The amount of eyelid platform visualized can be measured as the eyelid margin to fold distance (MFD; Figure 1B ), the distance between the eyelid margin and the eyelid fold.
In upper eyelid blepharoplasty, goals are different for everyone, but most patients seek to increase MFD. Increasing MFD helps restore a more youthful-appearing upper eyelid and can also increase field of vision superiorly by decreasing the amount of overhanging skin into the visual axis. Sometimes, despite removal of all excess upper eyelid skin, this MFD does not improve significantly. To increase MFD in situations with unusually low MCD, the eyelid crease can be elevated through a procedure called crease elevation (Figure 2 ). In this procedure, the skin incision is made at the height of the newly desired lid crease (see "Surgical Technique" section). Crease elevation can be done alone when there is no excess skin or in conjunction with removal of excess skin. To date, there is no algorithm to determine the best location for the new crease.
Currently, surgeons determine the amount of skin to be removed in upper eyelid blepharoplasties by using the skin pinch technique or by measuring the eyelid skin to leave a certain amount of skin after surgery (for example, 20 mm). Some surgeons also consider the location of the patient's preexisting crease (MCD) and may elevate this. As previously noted, the typical Caucasian MCD is 8 to 11 mm, so this could be a reasonable target. However, this uniform approach does not consider that everyone's face is different and there are asymmetries even within each face. 8 Additionally, each patient's goals are unique; what one patient desires as a tarsal platform show (MFD) is different from others. An equation taking in account each eyelid's specific measurements and the patient's desired postoperative look would allow for customization of surgical results to improve cosmetic outcomes and patient satisfaction.
Crease elevation can also be used to address mild asymmetries, whether due to unequal brow position or unequal native crease position, which become more apparent after blepharoplasty. 9 As described by Flowers, symmetry of the pretarsal lid segment (MCD) is much more important than symmetry of the lid crease to the brow distance. 10, 11 It is crucial to discuss goals with the patient, because some patients do not wish to change their crease height and just want to remove overhanging skin. To maintain a natural appearance, variations in tarsus morphology and eyelid creases inherent in ethnic differences must also be considered. 7 The crease elevation procedure originated in Asia and is the most frequently requested cosmetic procedure among Asian patients. 12 It was first described in the English language by Sayoc in 1954 13 and Millard in 1964, 14 and popularized by Flowers in 1972 as a procedure for East Asian populations. 10 When originally described for the Asian patient, the procedure involved suturing the dermis at the desired height directly to the tarsus. 13 Much later, in 1974, a modified version to improve cosmesis in Caucasian blepharoplasties was described by Sheen. 15 Sheen adapted the procedure on noticing that, despite multiple skin resections, certain eyelid blepharoplasties had suboptimal outcomes. In these cases, he noted a low lid crease and developed the supratarsal fixation method, which he applied to those with an MCD <10 mm. 5 In this procedure, he sutured the orbicularis oculi muscle to the tarsus at the desired height. Several years later, he updated his procedure to note the importance of limiting crease elevations to a maximal height of 12 mm to avoid the temporary postoperative ptosis and discomfort that occurred in patients with crease fixation at 16 to 18 mm. 16 A later study by Park illustrated that crease elevation should be limited to 10 mm in the Asian population. 17 Although lid crease elevation and upper blepharoplasty procedures have continued to evolve and improve, studies have not been conducted to predict specific outcomes. To improve surgical outcomes and both patient and doctor satisfaction, the authors created a study to extrapolate an equation that predicts surgical outcome. Understanding potential outcomes allows the surgeon to modify the surgery to achieve the desired postoperative appearance instead of applying the same approach for all patients. There are two ways the equation can be used. The equation can be used to determine the height at which the crease is required to be placed to achieve a particular MFD. The alternative use for the equation is to predict the postoperative MFD with skin excision alone. The latter would allow the surgeon to know which patients might benefit from the addition of crease elevation to skin excision.
This study utilized the outcome measure of MFD, because a common primary goal for patients is to increase this value to achieve a more youthful appearance and increased field of vision. We extrapolated an equation from blepharoplasty results that predicts surgical outcomes with skin excision alone, various levels of crease elevation, and a combination of skin excision with crease elevation. We hope this equation will decrease postoperative surprises and improve surgical outcomes and patient satisfaction.
METHODS
The prospective study protocol was approved by the William Beaumont Hospital Oakland Medical School Institutional Review Board. The study was conducted in accordance with the provisions of the Declaration of Helsinki and was performed in compliance with the Health Insurance Portability and Accountability Act. No funding was required for this study, and the authors report no conflicts of interest or financial interests related to the study or its website.
During a eyelids of 164 patients. Exclusion criteria were any of the following: age <30 years old, thyroid eye disease, myasthenia gravis, myotonic dystrophy, pregnancy, blepharoptosis, previous upper eyelid surgery or trauma, concurrent brow lifting surgery, and use of topical alpha agonists. Patients were categorized according to the procedure: crease elevation, skin excision, or both crease elevation and skin excision. Information analyzed included sex, age at time of surgery, and BMI. External photographs and the following data points were collected preoperatively and at postoperative months 1 and 6: brow position, MCD (distance in millimeters between eyelid margin and crease), MFD (distance in millimeters between the eyelid margin and the fold), and vertical skin distance (VSD, which is the distance in millimeters between eyelid margin and the inferior aspect of the brow) (Figure 1) . MCD, measured while the patient looked downward at an approximately 45-degree angle, was the distance in millimeters from the eyelid margin to the first crease in the eyelid skin from which the skin hangs. 5 MFD was measured while the patients' eyes were open and in primary gaze, and VSD was measured while the eyes were closed. In this study, postoperative VSD was predetermined to be a conservative 20 mm, because this is the authors' preferred method for measuring the amount of skin to be removed. All clinical measurements were conducted with rulers. There are many methods of skin removal measurements and describing them is beyond the scope of this study. Brow ptosis was graded on a scale of minimal, moderate, and severe. In women, minimum brow ptosis was defined as the inferior aspect of the brow being at the orbital rim, moderate brow ptosis as the inferior aspect of the brow being below the orbital rim, and severe brow ptosis as the superior aspect of the brow being at the orbital rim. In men, minimum brow ptosis was defined as the inferior aspect of the brow being below the orbital rim, moderate brow ptosis as the superior aspect of the brow being at the orbital rim, and severe ptosis as the superior brow being below the orbital rim.
Surgical Technique
The upper eyelid blepharoplasty is described in 5 steps and is available as a surgical video (Video 1).
Skin Marking
For skin excision without crease elevation, the existing lid crease is marked with a skin marking pen and represents the inferior limit of the skin excision. The superior limit of the skin excision is marked while the brow is lifted superiorly with just enough stretch to unfold the upper eyelid skin. The superior limit is marked at a distance from the eyebrow to leave a total 20 mm of postoperative VSD, which is to avoid complications such as lid retraction or lagophthalmos.
For crease elevation or crease elevation with skin excision, the skin is marked with a skin marking pen prior to injection of anesthesia at the distance from the lid margin where the new MCD is desired. This represents the incision site for crease elevation alone or the inferior limit of skin excision for a combined crease elevation and skin excision. In the case of a combined crease elevation with skin excision, the superior limit of the skin excision is determined to leave a conservative 20 mm of postoperative vertical skin.
Anesthesia
A local anesthetic of 2% lidocaine with epinephrine (1:100,000) in a 50:50 ratio with 0.5% Marcaine with epinephrine (1:200,000) is injected into the affected eyelid.
Incision
For skin excisions (whether conducted in isolation or in conjunction with crease elevation), the skin is incised with a 15 blade and the skin orbicularis muscle flap dissected off with a Colorado tipped bovie (Figure 2A) .
For crease elevation alone, the skin is incised with a 15 blade.
Crease Elevation
For skin excision alone: skip to step 5.
For the crease elevation procedure:
• The height of the desired crease (ie, the postoperative MCD) is measured with calipers, and Westcott scissors are utilized to remove orbicularis at this point. This exposes the levator muscle ( Figure 2B ). • Then 0.5 forceps are used to reflect the inferior edge of the skin excision and Westcott scissors are utilized to dissect the skin inferiorly to below the level of the preexisting lid crease (ie, the preoperative MCD). For the Video 1. Watch now at https://academic.oup.com/asj/ article-lookup/doi/10.1093/asj/sjy167 first 2 mm of the dissection, a small amount of orbicularis muscle is left attached to the skin. This orbicularis muscle allows easier placement of the crease formation sutures ( Figure 2C ).
• In an interrupted, buried fashion, a 6-0 Vicryl suture is used to take a bite of the levator muscle at the desired new level (the postoperative MCD). The bite can be to the levator aponeurosis or muscle itself, depending on the desired height. No patients in this study required a crease height below the superior limit of the tarsus, but this can be done via a procedure well described by Flowers ( Figure 2E ). 6 • The suture is then passed through orbicularis muscle from the inferior edge of the defect. This is then tied and cut on the knot ( Figure 2E ). • The suture affixing the levator at the newly desired MCD to the orbicularis muscle on the inferior skin edge is repeated in a total of 4 locations ( Figure 2F ).
Closure
All procedures were closed using a running, subcuticular 6-0 prolene suture with Mastisol and Steristrips. For all patients, any significant herniation of the medial orbital fat was removed with scissors and cautery. No fat was removed from the preaponeurotic fat compartment, which is also known as the central fat compartment.
Statistical Analysis
Simple descriptive statistics were utilized to report the demographic data of the sample. The paired t test compared related group means, while the independent t test compared independent group mean values between groups. Statistical significance was defined as P < .05. Multiple regression analyses were used to extrapolate the equation, using |R| as a measure of fit to the model. Analyses were conducted using StatView (SAS Institute Inc, Cary, NC).
RESULTS
A total of 322 eyelids (164 patients) underwent surgery: 208 excisions of skin, 26 crease elevations, and 88 skin excisions with crease elevation. There were 123 women and 41 men with an average age of 65 years old (range, 40-90 years) and an average BMI of 28.1 kg/m 2 (range, 17.7-52.8 kg/m 2 ). Patients were followed for an average of 3.46 months (range, 1-15 months). All eyelids were bruised and swollen, as expected, but none experienced complications, such as excessive bleeding, retrobulbar hemorrhage, infection, or vision loss. There was no statistically significant association between gender and procedure type (P value = 0.76, Pearson chi-square test). Likewise, BMI and procedure type did not significantly differ (P value = 0.129, Kruskal-Wallis test). There was a statistically significant difference in procedure type as related to age (P < 0.05, Bonferroni adjustment). The average age of the skin excision-only group was 66 years, whereas the combined group average age was 62 years. When age, gender, BMI, and grade of brow ptosis were examined for correlation to postoperative result, there was no statistically significant relationship, so these characteristics were not included in the final equation.
Multiple Table 1 ).
To simplify the equation's use in clinic, we developed a website (www.expertbleph.com). On the website, the user enters the desired postoperative MFD along with preoperative MFD, VSD, MCD. The postoperative VSD is suggested as 20 mm, because this is typically a safe amount of eyelid skin to prevent complications, such as lid retraction and lagophthalmos. The website then calculates the MCD required to achieve a particular postoperative MFD. Alternatively, the equation can determine what MFD result will occur with a skin excision alone, allowing the surgeon to realize preoperatively if simple skin excision would result in a suboptimal outcome.
DISCUSSION
Both doctors and patients constantly seek improved surgical outcomes. Additionally, the success of upper eyelid blepharoplasties today has led to increases in expectations from surgical outcomes. As Sheen described in 1974, not addressing a low eyelid crease in Caucasian upper eyelid blepharoplasties can result in continued hooding and a disappointed patient. 9 This concept also applies to the non-Caucasian and non-Asian patient ( Figure 5 ). The amount of hooding, quantified with the MFD, can be measured before and after surgery. Once brow ptosis and blepharoptosis have been quantified and addressed, the MFD can be increased through skin excision, crease elevation, or both procedures simultaneously (Figures 4-6 ).
Prior to this study, there was no method to predict the specific outcome of skin excision, crease elevation, or a combined procedure. The current study created an equation to predict surgical outcomes, extrapolated from data from patients undergoing crease elevation alone, skin excision alone, or both crease elevation and skin excision. The equation can be used in 3 ways to improve surgical outcomes. One method is to calculate the possible postoperative MFDs for various combinations of skin excision and/or crease elevation. This approach allows the surgeon to determine preoperatively if a surgery will result in the patient's desired amount of eyelid platform show, aka MFD. For example, a physician can input the preoperative data and determine if a skin excision in isolation will be sufficient to achieve the desired result. The second way to use the equation is to input the desired postoperative MFD as well as the preoperative eyelid measurements (MFD, MCD, and VSD). The equation then determines where to place the new crease for that specific desired MFD. The second method can also be used to address mild brow asymmetry. Typically, a lower brow will have a lower MFD. If the patient does not wish to directly address the mild brow asymmetry with brow lift surgery, a higher placed crease (MCD) can aid in creating a more symmetrical eyelid appearance. The equation can help determine if this is feasible with crease elevation or skin removal, or if brow surgery may be necessary to achieve the desired look. The equation allows the surgeon to achieve the best possible surgical outcome for the patient. Surgical outcomes attained when utilizing this equation are illustrated in Figures 7 and 8 . For Figure 7 , the patient had moderate brow ptosis with a preoperative MRD1 of 3, MFD 0, MCD 4, and VSD 25. Because the patient desired an MFD of 4 to 5 mm, the numbers were inputted into the equation and the recommended new crease, MCD, was to be placed at 8 to 9 mm. After discussing possible outcomes with the patient, an MCD of 9 was decided. The equation predicted a postoperative MFD of 4.5, which was very close to the patient's actual postoperative MFD of 4 and 3.5 for the right and left eyelids, respectively.
Another example of a surgical outcome attained when using the equation is illustrated in Figure 8 . Preoperatively, the patient had moderate brow ptosis with an MRD1 of 4, MFD 0, MCD 9, and VSD 30. As the patient desired to have an MFD of about 4 mm, the numbers were inputted into the equation, which then recommended that the new crease, MCD, be placed at 10.5 mm. After discussing possible outcomes with the patient, an MCD of 10 was decided. The equation predicted a postoperative MFD of 3.7, which was very close to the patient's actual postoperative MFD of 4 and 3.5 for the right and left eyelids, respectively.
A B The patients in both cases were very happy with their outcomes. This study provides a practical and patient-adaptable method to predict specific outcomes when other variables are altered. The extrapolated equation allows for simple manipulation of MFD, MCD, and VSD so that a desired outcome can be more easily attained. Because no two patients have identical anatomy and preferences, this study considers individual goals, rather than applying a one-size-fits-all protocol to blepharoplasties.
Although this is a promising addition to upper eyelid blepharoplasty techniques, the study included a few limitations. The study was conducted in a population of mostly Caucasians with an average age of 65 years. Although before the completion of the study, the equation was applied in a population with diverse ethnicities and proved successful over the last 3 years (Figures 7 and 8) , further studies in a more varied ethnic group with younger patients would improve accuracy of the equation. Another limitation is that the present study presumes that higher MFD is a desired appearance, but this has not been formally assessed. Additional studies are warranted in a larger, more varied group with longer follow-up to elucidate the most desired MFD and to test the accuracy of the equation. Ideally, these studies would be conducted in a prospective, randomized manner.
CONCLUSIONS
Upper eyelid blepharoplasty is a frequently performed procedure with high patient expectations. To improve surgical outcomes, an equation was established from preoperative and postoperative data from patients who underwent upper eyelid skin excision, crease elevation, or both. This equation (www.expertbleph.com) can be used to determine the improvement in MFD with skin excision or raising the eyelid crease. The equation can also approximate possible surgical outcomes and determine the amount of crease elevation needed to achieve a specific postoperative appearance, quantified by the MFD. This innovation will allow surgeons and patients to better predict and achieve the surgical outcomes desired by all.
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